Genetic effects, e.f. population and heterosis effects have been estimated for: Czech Fleckvieh, Beef Simmental and various types of their crosses produced in beef cow-calf operations. The best genetic-statistical model was chosen for the analyze of these effects. The fallowing traits were analyzed: birth weight, weights at 210 and at 365 days of age as well as average daily gains between birth and 210 days, between 210 and 365 days and between birth and 365 days of age. Parameters for all the traits were estimated by the method of least squares means with fixed effects year of birth, herd, sex, type of birth (single or multiple), age of dam and genotype. Genetic models involved the means and two to four crossbreeding effects: i.e. direct and maternal population effect and direct and maternal heterosis effect. The results showed that the genetic model including the mean and all four crossbreeding effects was more accurate and advantageous that the others. For all growth traits crossbreds exceeded both purebred populations. Positive values were estimated for most direct and maternal population effects. Direct and maternal heterosis effects in global showed negative values. 
Introduction
As in pigs, sheep, poultry and rabbits for meat production, also in cattle breeding various systems of crossbreeding and various combinations of breeds within these systems are used to ensure meat production of high quality, adequate quantities and maximum economic effects. Various crossbreeding systems are known and in terms of efficiency and production they are often more important than the pure breeding sector. In addition to population and heterosis effects, the complement of maternal by paternal breed is often exploited. Analyses of breed efficiency of beef cattle and its crosses are important for getting information about genetic mechanisms influencing hybridization of genotypes for different purposes, finding an optimal combination of breeds for future hybridization programs and comparing profitability of various selections and crossbreeding strategies using the same breeds (SÖLKNER, 1993) . Estimation of crossbreeding parameters is important for determining efficiency of the hybridization system and for fully utilizing of genetic differences between the breeds. Knowing extent and direction of genetic effects of the purebreds and of two-breed hybrids is the base for estimation of efficiency of multi-breed crosses, which are very difficult to test. In beef cattle populations it is impossible to predict the exactly effects of hybridization accurately due to small population size and missing reciprocal hybrids. Therefore is necessary to carry on specific experiments, which allow us more accurate prediction of the crossbreeding effects. Analysis of breed and crosses efficiency and prediction of crossbreeding effects in beef cattle have been focused on by many authors: JAKUBEC (1993) , WOLF and HERRENDORFER (1993) , DISTL et al. (1998) , MIELENZ et al. (2003) , ROSO et al. (2005) and HEROLD et al. (2007) and with particular respect to Czech Fleckvieh and Beef Simmental RODRIGEZ-ALMEIDA et al. (1997 ), FRELICH et al. (1998 , ŠUBRT et al. (2006) and LINK et al. (2007) . The aim of this work was to estimate direct and maternal population and heterosis effects for the following growth indicators: birth weight, weaning weight at 210 days of age, weight at 365 days of age, average daily gains between birth and 210 days of age, between birth and 365 days of age and between 210 and 365 days of age, and select a suitable model for the estimation of population and heterosis effects. Breeds involved are: Czech Fleckvieh, Beef Simmental and their hybrids.
Material and methods
The data of 2719 animals of Czech Fleckvieh (C100) -dual-purpose cattle of Simmental type (medium to large body size), Beef Simental (C0) and three of their hybrid genotypes -75 % Czech Flecvieh (C75), 50 % Czech Flecvieh (C50) and 25 % Czech Flecvieh (C25) -reared in the Czech Republic in the period of 1994 to 1999 were included in the analysis. Carried out as part of a specific experiment in collaboration with the Research Institute for Cattle Breeding in Raponit. Due to use natural service in the herds evaluating herd bulls in particular years and herds was not possible. As a part of this specific experiment, the animals of the particular breeds and their hybrids were bred together in the herds. The herds were placed in various climatic and production areas of the Czech Republic and included a wide range from farms in lowland areas, not typical for breeding beef cattle to farms in mountain areas. The calves were reared and fed from birth to weaning in cow-calf operations with low intensity. After weaning the animals were kept in stables with medium intensity of feeding (gain of 750 g -1000 g/head/day), i.e. under field conditions to the age of 365 days. Birth weight, weaning weight at 210 days and weight at 365 days and average daily gains from birth to the 210 days, from 210 and 365 days and from birth to 365 days and were analyzed by the method of least squares means using a GLM procedure of the statistical package SAS (SAS, 2004 ) using the statistical model: y ijklmno = μ + Y i + H j + S k + N l + A m + G n + e ijklmno where: y ijklmno -observation, μ -overall mean, Y i -fixed effect of the i th year of birth (1994) (1995) (1996) (1997) (1998) (1999) , H j -fixed effect of the j th herd, S k -fixed effect of the k th sex (bull, heifer), N l -fixed effect of the l th number of calves (single, twins), A m -fixed effect of the m th age of the mother, G n -fixed effect of the n th genotype (C100, C75, C50, C25 and C0), e ijklmn -random residual error. The differences between the least squares means were tested at the significance level (error probability) of p<0.05, p<0.01, p<0.001. For estimation of particular crossbreeding effects an additive-dominant model was used (JAKUBEC, 1993) , which is based on intraloci interaction. The calculations were performed according to methods suggested by MATHER and JINKS (1971) and JAKUBEC (1985) . The general model for prediction of the crossbreeding effects was:
where: P -phenotypic means of the traits in the population, μ -overall mean, a igene proportion of the i th starting population, d ij -probability that there is one allele from the i th and from the j th population in a random locus of an arbitrary member of the population, g -direct population effect, g M -maternal population effect, h -direct heterosis effect, h M -maternal heterosis effect. The crossbreeding parameters were predicted by the method of weighted least squares. Table 1 shows predicted values of crossbreeding effects that are used as a basis for a structural matrix X, where genotype C100 assumes the value of -1 and genotype C0 the value of +1. We have also tested a suitability of a three-parameter (μ, g*, h*) and five-parameter (μ, g, h, g M , h M ) model. Significance of differences between the observed and predicted utility values was tested by a chi square-congruence test (χ2, KAPS and LAMBERSON, 2004) . Table 1 Expected rates of cross-breeding effects (C100<C0) (Erwarteter Anteil der Kreuzungseffekte
Results and discussion Estimated overall means, standard deviations (SD) and variation coefficients (CV%) for the observed traits of genotypes were shown in Table 2 . Variation coefficients (CV%) for gains from birth to 210 days and from 210 days to 365 days of age were higher than variation coefficients for individual weights. Due to the higher variation of gains compared to weights their use as selection criteria will result in more efficient selection, of the heritability estimations of KECLÍK et al. (2003) for Czech Fleckvieh are applied. Therefore the tests for growth in the selections programme of Beef Simmental bulls in now based on average daily gain rather than on weights. 
Analysis of environmental effects
Statistical analysis considered the systematic effects of year, birth, herd, sex, type of birth (single or multiple) and age of dam (Table 3) . Highly significant differences in year of birth were detected in all observed traits (p<0.0001). Birth weight and 210 day weight were lowest for the year 1994. The herd effect representing an area and a breeder was highly significant for all characteristics (p<0.0001). Differences between highest and lowest levels were markedly higher for the herd effect than for the other effects and they may be ascribed to differences in management and also to different levels of nutrition in individual herds. High statistical differences between years of birth and between herds were also affected by a sire effect, which could not be separate from the other effects due to the confounding of natural service bulls with herds and years. Bulls were heavier and grew faster compared to heifers (p<0.01) in all tested areas. Differences in type of birth were significant (p<0.05) or highly significant (p<0.0001) in most of the growth traits, except for gain from birth to 365 days and from 210 to 365 days of age. Twins showed lower weights than single calves during the whole period between birth and 365 days. Multiple births are still more profitable than single births, because they produce, in spite of lower growth, more meat per dam. Rising number of calves per one birth and number of bred calves is a possibility of raising the efficiency of meat production. Differences between bulls and heifers and single and twins respectively were conclusions of GOYACHE et al. (2003) , KRUPA et al. (2005) and SZABO et al. (2006) . Age of dam, except for birth weight, was significant (p<0.05) or highly significant (p<0.0001). Calves of dams of 2 to 5 years of age show higher growth ability, than calves of dams of 5 to 8 years. This is probably caused by higher lactation performance of younger cows as similar to SZABO et al. (2006) . On the other hand, KRUPA et al. (2005) reported highest calf for dams between the 5 and 7 years of age.
Analysis of genotype
Differences between the genotypes were significant for body weight (p<0.05) and highly significant for weaning weight and yearling weight and for the gains between birth and 210 days, 210 and 365 days as well as between birth and 365 days of age (Table 3) . Czech Fleckvieh (C100) showed higher birth weight (31.72 kg) than the other genotypes, but the lowest values in all the other traits (Table 4 ). The lower proportion of Czech Fleckvieh -down to C25 -were the higher weaning weight and gain from birth to weaning (274.69 kg and 1.158 kg, respectively). The highest value in the C25 genotype for birth weight and average daily gains from birth to 210 days may have been due to a full maternal heterosis effect (h M ). Average daily gains form 210 to 365 days showed an opposite trend. The higher the rate of Czech Fleckvieh (C75) the higher were the daily gains. Yearling weight and of average daily gain from birth to 365 days varied in dependently on genotype. The highest values for weight at 365 days (419.50 kg) and of average daily gains from birth to 365 days (1.066 kg), shown in crossbreds C50, expressed the full direct heterosis effect (h). Genotype C75 showed the second highest estimates of birth weight, weight at 365 days and average daily gains from birth to 365 days. The results clearly showed for all growth traits, that crossbreds exceeded both purebred populations. JAKUBEC (2003) 
Analysis of population and heterosis effects
Estimated population and heterosis effects for all growth traits are shown in absolute and relative values (C100<C0), both for three (μ, g*, h*), and five parameters (μ, g, h, g Tables 5 and 6 . This obvious that the overall means for both models, for three and five parameters, are basically the same. The direct population effects and direct heterosis effect in the three-parameter model were higher than for five parameters. This difference was caused by the maternal effect included in direct population and heterosis effects (g
. Thus in the five-parameter model the estimation of individual heterosis effects was more accurate. Therefore the five-parameter estimation of heterosis effects is suited better for precise estimation of heterosis effects. These conclusions were in agreement with DEMEKE et al. (2003) who also pointed out that the three-parameter model was not sufficient for estimation of population and heterosis parameters and subsequent evaluation of crossbreds. Therefore, only the five-parameter model will further on be considered. Positive value were estimated for most direct and maternal (g, g other traits. The largest values resulted in average daily gain form weaning to yearling, the direct population effect (25.9 %) being positive and the maternal population effect being negative (-20.4 %) . This is due to the maternal population effect witch as an environmental effect for the calf influences the calf´s ability to grow. It is hence a quantification of maternal ability, mainly milk production, which influences growth of the calf only unit weaning (210 days of age) and is not important there after (KOCH, 1972) . CUNDIFF (1972) reported that maternal effects were as important as direct effects during the early preweaning development and that they got smaller as the calf was growing up. The overall negative absolute value of direct maternal effects is caused by a high negative absolute value of yearling weight. Negative values of maternal population effects were also published by SKRYPZEK et al. (2000) for Beef Simmental and Hereford. The direct heterosis effect (h) was positive except for small negative values for average daily gains from birth to weaning and weaning to one year of age. Positive values were in agreement with most other authors for crossbreds of Beef Simmental and other breeds (COMERFORD et al., 1988 , DEMEKE et al., 2003 . The largest direct heterosis effect estimated for average daily gains from birth to weaning and was negative (-7.74 %) . The maternal heterosis effect (h M ) on the contrary was negative for all traits, except for average daily gain from birth to weaning, with the largest value for weaning weight (-8.3 %) . This value was negative just as the direct heterosis effect. The weaning weight and the yearling weight provide large negative values which influence the overall absolute value of maternal heterosis effect. McDONALD and TURNER (1972) stated that negative values the maternal heterosis effect for weaning weight demonstrated the advantage of crossbred dams, mainly when bulls were used which caused higher birth weight of calves. On the other hand, LAMB et al. (1992) described that purebred dams required less energy compared to crossbred dams, and therefore the crossbred dams might shown lower lactation yield when the source of energy was limited. LAMB et al. (1992) also reported crossbred dams to produce more calves with higher weight and so to compensate higher energetical requirements. In total they require therefore lower energetical input per production unit than purebred dams. Based on estimates of individual crossbreeding effects expected means for individual traits and genotypes were calculated. These expected means were compared to observed means (Table 7) . Differences between expected and observed means were tested by a congruence test (χ2) and were found to be insignificant in all the cases (from P>0.2 to P>0.9), which confirmed the fact that the additive-dominant model was appropriate. Results of this study support the for all growth traits crossbreds exceeded both purebred populations. Positive values were estimated for most direct and maternal population effects. Direct and maternal heterosis effects in global showed negative values.
The results of this investigation show that it is more suitable to use a five-parameter model than a three-parameter model for accurate estimation of crossbreeding effects. Also the additive-dominant model, based on intraloci interaction seamed to be appropriate. It allowed estimation reliable evaluation of expected utility of various genotypes using Czech Fleckvieh and Beef Simmental. Thus it does not seem necessary to use more complex genetic models based on further interloci interactions, i.e. additivity × additivity, additivity × dominance, dominance × dominance, for estimation of crossbreeding effects. Estimation of crossbreeding effects based on more complex models would require a large number of crossbreeding generations, which it is a limiting factor in breeding livestock.
